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PROPAGATION DELAY TIME MEASURING METHOD AND TESTING APPRATUS 

The present application is a continuation application of 
PCT/JP02/01790 filed on February 21 , 2002, claiming priority 
from a Japanese Patent Application No. 2001-52230 filed on 
February 27, 2001, the contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a propagation delay 

time measuring method and a testing apparatus. 

Related Art 

[0002] A semiconductor testing apparatus is electrically 

connected with a device under test by a path which transfers 
a test signal output of a driver, and it is essential to measure 
the propagation delay time of the path correctly in order to 
test the semiconductor testing apparatus accurately. The 
Japanese Patent Application Laid-Open No . 1996-36037 
(Application date February 6, 1996) discloses a delay time 
measuring circuit which measures a propagation delay time of 
the path which connects the semiconductor testing apparatus and 
the device under test, by connecting a grounded device, instead 
of the device under test, to an end of the path, and by receiving 
at a comparator both the test signal output of the driver and 
the test signal output of the driver and then reflected at the 
grounding point. 

[0003] In recent years, with accelerating of the 

semiconductor testing apparatus, it is necessary to test the 
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semiconductor testing apparatus accurately and it is also 
necessary to calibrate accurately the semiconductor testing 
apparatus. Therefore, there has been a known problem that a 
rise/fall characteristic of test signals of the driver, the 
comparator, etc affects the accuracy of the measurement when 
calibrating the semiconductor testing apparatus. 
[0004] Alternatively, the delay time measuring circuit 

disclosed by the Japanese Patent Application Laid-Open 
No . 1996-36037 has a problem that when measuring the propagation 
delay time, a measurement error of the propagation delay time 
occurs by a rise/fall characteristic of the comparator, because 
the delay time measuring circuit detects both a rise edge of 
the test signal output of the driver, and a fall edge of the 
test signal output of the driver reflected at the grounding point . 
[0005] Accordingly, it is an object of the present invention 

to solve the foregoing problem. 

SUMMARY OF THE INVENTION 

[0006] In order to achieve these desired objectives, 

according to the first aspect of the present invention, a 
propagation delay time measuring method of measuring a 
propagation delay time of a test signal propagating along one 
of a first signal path and a second signal path serially connecting 
to the first signal path through which a semiconductor testing 
apparatus includes a driver and a comparator electrically 
connected to a device under test device under test, includes: 
a first connecting step of connecting an end of the first path 
to the driver and the comparator; a first output step of outputting 
a test signal from the driver to the first path; a first reflect 
signal receiving step of receiving a test signal at the comparator. 
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as a first reflect signal, reflected at another end of the first 
path; a first timing detecting step of detecting a timing, defined 
as a first timing, when the first reflect signal obtained by 
the comparator reaches a predetermined level ; a second connecting 
step of connecting an end of the second path to another end of 
the first path; a second output step of outputting the test signal 
from the driver to the second path; a second reflect signal 
receiving step of receiving a test signal at the comparator, 
defined as a second reflect signal, reflected at another end 
of the second path; a second timing detecting step of detecting 
a timing, defined as a second timing, when the second reflect 
signal obtained by the comparator reaches the predetermined 
level; and a delay time calculation step of calculating of the 
propagation delay time of the second path, based on the reference 
timing corresponding to a timing when the delay time calculator 
outputs the test signal, the first timing, and the second timing. 
[0007] The first connecting step may include a first 

grounding step of grounding another end of first path and the 
second connecting step may include a second grounding step of 
grounding another end of the second path. 

[0008] The first timing detecting step may include a step 

of detecting the first timing when a rise edge of the first reflect 
signal reaches the predetermined level and the second timing 
detecting step may include a step of detecting the second timing 
when a rise edge of the second reflect signal reaches the 
predetermined level . 

[0009] The first timing detecting step may include a step 

of detecting the first timing when a fall edge of the first reflect 
signal reaches the predetermined level and the second timing 
detecting step may include a step of detecting the second timing 
when a fall edge of the second reflect signal reaches the 



4 



predetermined level . 

[0010] The reference timing is defined as a timing when 

the driver outputs the test signal and the delay time calculation 
step may include a step of calculating the propagation delay 
time, based on a first timing interval which is defined as a 
interval from the reference timing to the first timing, and a 
second timing interval which is defined as a interval from the 
reference timing to the second timing. 

[0011] The propagation delay time measuring method in the 

first aspect may further include a repetition step of repeatedly 
repeating the first output step, the first reflect signal output 
step, and a step of supplying the test signal to the driver from 
the comparator, based on a signal output of the comparator 
corresponding to the obtained first reflect signal, and the delay 
time calculation step may further include a step of calculating 
the first timing interval based on a repeating period of the 
repetition step. 

[0012] The propagation delay time measuring method in the 

first aspect may further include an another repetition step of 
repeatedly repeating the second output step, the second reflect 
signal output step, and a step of supplying the test signal to 
the driver from the comparator, based on a signal output of the 
comparator corresponding to the obtained second reflect signal, 
and the delay time calculation step may further include a step 
of calculating the second timing interval based on a repeating 
period of the another repetition step. 

[0013] According to the second aspect of the present 

invention, a semiconductor testing apparatus for supplying a 
test signal to semiconductor devices so as to test the 
semiconductor devices includes: a driver which outputs the test 
signal; a comparator which receives the test signal; a first 
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path of which an end is connected to the driver and the comparator; 
a second path of which an end is connected to another end of 
the first path and of which another end is connected to a device 
under test; a delay time calculator which calculate a propagation 
delay time of the second path, based on a timing, defined as 
a first reflect signal which is output from the driver and 
reflected at the end of another end of the first path, when the 
first reflect signal reaches a predetermined level, and based 
on a timing, defined as a first reflect signal which is output 
from the driver and reflected at the end of another end of the 
second path, when the second reflect signal reaches a 
predetermined level . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a block diagram showing a configuration 

of a semiconductor testing apparatus 10 according to an 
embodiment of the present invention. 

[0015] Fig. 2 is a flowchart showing a flowchart of a 

propagation delay time measuring method of the present 
embodiment . 

[0016] Fig.3A is a circuit diagram explaining a first 

measurement step in Fig. 2. 

[0017] Fig. 3B is a timing diagram showing a waveform of 

a test signal input into a driver 120 at a point B shown in Fig . 3A. 
[0018] Fig. 3C is a timing diagram showing a waveform of 

a test signal received by a comparator 130 at a point C shown 
in Fig.3A. 

[0019] Fig. 3D is a timing diagram showing a waveform of 

a test signal output of a comparator 130 at a point D shown in 
Fig. 3A. 
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[0020] Fig.4A is a circuit diagram explaining a second 

measurement step in Fig. 2. 

[0021] Fig.4B is a timing diagram sliowing a waveform of 

a test signal input into a driver 120 at a point B shown in Fig . 4A. 
[0022] Fig.4C is a timing diagram showing a waveform of 

a test signal received by a comparator 130 at a point C shown 
in Fig.4A. 

[0023] Fig.4D is a timing diagram showing a waveform of 

a test signal output of a comparator 130 at a point D shown in 
Fig. 4A. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] One of embodiments will now be described referring 

to the drawings . 

[0025] Fig. 1 is a bloclc diagram showing a configuration 

of a semiconductor testing apparatus 10 according to an 
embodiment of the present invention . The semiconductor testing 
apparatus 10 includes: a pattern generator 100 for generating 
pattern data of a test signal which is input into a device under 
test; a waveform shaper 110 for shaping the pattern data; a driver 
120 for supplying the shaped pattern data to the device under 
test; a comparator 130 for receiving the pattern data output 
of the device under test; a judging unit 140 for judging the 
quality of the device under test; a first path 160 connecting 
the driver 120 and the comparator 130 ; a second path 17 0 connecting 
with the first path 160; and a delay time calculator 150 for 
calculating a propagation delay time of the first path 160 and 
the second path 170. 

[0026] An end 162 of the first path 160 is connected to 

the driver 120 and the comparator 130, and another end 164 of 
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the first path 160 is connected to the second path 170. An end 
172 of the second path 170 is connected to the first path 160, and 
another end 174 of the second path 170 is connected to the device 
under test. 

[0027] The first path 160 is arranged in the semiconductor 

testing apparatus 10 and, for example, connects the driver 120 
and comparator 130 with a performance board. Therefore^ the 
propagation delay time of the first path 160 is constant 
regardless of a variety of the performance boards. The second 
path 170 is arranged in the performance board and, for example, 
connects a test head and the device under test. Therefore, the 
propagation delay times of the second path 170 are different 
for the particular performance boards. 

[0028] Therefore, the delay time calculator 150 calculates 

the propagation delay time of the second path 170 for each of 
the performance boards. Furthermore, the judging unit 140 
compares the pattern data output of the device under test with 
the pattern data output of the pattern generator 100, based on 
the propagation delay time that is calculated by the delay time 
calculator 150 . Therefore, the semiconductor testing apparatus 
10 according to the present embodiment judges the quality of 
the device under test correctly by accurately calculating the 
propagation delay time of the second path 170. 
[0029] Fig. 2 is a flowchart showing a propagation delay 

time measuring method of the present embodiment. The 
propagation delay time measuringmethod of the present embodiment 
includes: a first measurement step of measuring a first timing 
when the comparator 130 obtains the test signal, which is output 
of the driver 120 reflected at the grounding point where another 
end 164 of the first path 160 is grounded; a second step of 
measuring the second timing when the comparator 130 obtains the 
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test signal^ which is output of the driver 120 reflected at the 
grounding point where another end 174 of the second path 170 
is grounded; a propagation delay time calculating step of 
calculating the propagation delay time of the second path 170, 
based on both first timing and second timing. The detail of 
each step will now be described. 

[0030] Figs.3A, 3B, 3C and 3D are explanatory drawings of 

a first measurement step in Fig. 2. The first measurement step 
will be described by referring to Fig. 2 and Fig. 3. First as 
shown in Fig.3A, in a first grounding step (S12), the end 162 
of the first path 160 is connected to the driver 120 and the 
comparator 130, and another end 164 of the first path 160 is 
grounded. Next, in a first output step (S14), the driver 120 
outputs the test signal received from the waveform shaper 110 
to the grounded first path 160 . For example, when the test signal 
is input into the driver 120 as a pulse wave, the waveform of 
the test signal input of the driver 120 is like the waveform 
shown in Fig.SB at the point B shown in Fig.3A. 
[0031] Next, in a first reflect signal receiving step (SI 6) , 

both the test signal output of the driver 120 in the first output 
step (S14), and the first reflect signal reflected at another 
end 164 of the first path 160 are added to a signal, and the 
signal is received by the comparator 130. For example, the 
waveform of the test signal received by the comparator 130 is 
like the waveform shown in Fig .30 at the point C shown in Fig. 3A. 
Then the comparator 130 compares a predetermined threshold 
voltage value VO with the received signal, and outputs a signal 
based on the result of the comparison. For example, when the 
comparator 130 outputs a high level signal at the time of receiving 
the voltage less than the value of VO, the waveform of the test 
signal output of the comparator 130 at the point D shown in Fig . 3A 
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is like the waveform shown in Fig. 3D. At this time, the signal 
output of the comparator 130 has been the state of the high level 
for a period twice as long as a propagation delay time Ta of 
the first path 160. 

[0032] Next, in a first timing detecting step (318) , based 

on the signal which the delay time calculator 150 receives from 
the comparator 130, a first timing tl, when the rise edge of the 
first reflect signal obtained by the comparator 130 reaches a 
predetermined level, i.e., a threshold voltage value VO, is 
detected. The first timing tl is a timing based on a reference 
timing to corresponding to a timing when the driver 120 outputs 
the test signal. For example, if the reference timing to is 
assumed to be zero, the first timing tl is given as a time interval 
from the reference timing to- 

[0033] Figs.4A, 4B, 4C and 4D are explanatory drawings of 

a second measurement step in Fig . 2 . The second measurement step 
will be described by referring to Fig. 2 and Fig. 4. First as 
shown in Fig.4A, in a second ground step (520), the end 172 of 
the second path 170 is connected to another end 164 of the first 
path 160, and another end 174 of the second path 170 is grounded. 
Next, in a second output step (S22), the test signal received 
from the waveform shaper 110 is output to the grounded first 
path 160. For example, when the test signal is input into the 
driver 120 as a pulse wave, the waveform of the test signal input 
of the driver 120 is like the waveform shown in Fig.4B at the 
point B shown in Fig,4A. 

[0034] Next, in a second reflect signal receiving step (S24), 

both the test signal output of the driver 120 in the first output 
step (S22) , and the second reflect signal reflected at another 
end 170 of the second path 170 are added to a signal, and the 
signal is received by the comparator 130. For example the 
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waveform of the test signal received by the comparator 130 is 
like the waveform shown in Fig . 4C, at the point C shown in Fig . 4A. 
Then the comparator 130 compares a predetermined threshold 
voltage value VO with the received signal, and outputs a signal 
based on the result of the comparison. For example^- when the 
comparator 130 outputs a high level signal at the time of receiving 
the voltage less than the value of VO, the waveform of the test 
signal output from the comparator 130 at the point D shown in 
Fig.4A is like the waveform at the point D shown in Fig.4D. At 
this time, the signal output of the comparator 130 has been the 
state of the high level for a period twice as long as a sum time 
of the propagation delay time Ta of the first path 160 and the 
propagation delay time Tb of the second path 170. 
[0035] Next, in a second timing detecting step (S26) , based 

on the signal which the delay time calculator 150 receives from 
the comparator 130, a second timing t2, when the rise edge of 
the second reflect signal obtained by the comparator 130 reaches 
the predetermined level, i.e., a threshold voltage value VO, 
is detected. The second timing t2 is a timing based on the 
reference timing to corresponding to a timing when the driver 
12 0 outputs the test signal . For example, if the reference timing 
to is assumed to be zero, the second timing t2 is given as a 
time interval from the reference timing to. In addition, the 
reference timing to described above is the same timing explained 
in Fig. 3D as the reference timing to when driver 120 outputs 
the test signal. 

[0036] Adelay time calculating step (S28) will be described 

by referring to Fig. 2, Fig3, and Fig. 4. The delay time 
calculating step (S28) calculates a propagation delay time Tb 
of the second path 170, based on the reference timing to 
corresponding to a timing when the delay time calculator 150 
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outputs the test signal, the first timing ti, and the second 
timing t2. Concretely;, the delay time calculator 150 calculates 
the propagation delay time Tb of the second path 170 in accordance 
with the following equations - 
[0037] 

t2-t2=2{Ta + Tb)-2Ta=2Tb 
Thus, 

Tb=(t2-ti) /2 

[0038] In the first timing detecting step (S18) , based on 

the signal which the delay time calculator 150 receives from 
the comparator 130, the first timing ti, when the fall edge of 
the first reflect signal obtained by the comparator 130 reaches 
the predetermined level, i.e., the threshold voltage value VO, 
may be detected, and in the second timing detecting step (S26) , 
based on the signal which the delay time calculator 150 receives 
from the comparator 130, the second timing t2, when the fall 
edge of the second reflect signal obtained by the comparator 
130 reaches the predetermined level, i.e. the threshold voltage 
value VO, may be detected. Although, in the foregoing 
description, the second measurement step is executed after the 
first measurement step, the first measurement step may be 
executed after the second measurement step. 

[0039] Alternatively, the repetition step may be 

furthermore included, which repeats the first output step (S14) , 
the first reflect signal output step (S16) , anda step of supplying 
a test signal to the driver 120from the pattern generator 100, 
based on the signal output of the comparator 130 corresponding 
to the obtained first reflect signal, repeatedly. Then, the 
delay time calculating step (S28) calculates a time interval 
between the reference timing and the first timing, based on the 
repeating period of the repetition step, so that the propagation 
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delay time Tb of the second path 170 may be calculated. 
[0040] Alternatively, another repetition step may be 

furthermore included, which repeats the second output step (S22) , 
the second reflect signal output step (S24), and a step of 
supplying a test signal to the driver 120 from the pattern 
generator 100, based on the signal output of the comparator 130 
corresponding to the obtained second reflect signal, repeatedly. 
Then, the delay time calculating step (S28) calculates a time 
interval between the reference timing and the second timing, 
based on the repeating period of another repetition step, so 
that the propagation delay time Tb of the second path 170 may 
be calculated. 

[0041] According to the propagation delay time measuring 

method in this embodiment, in case the first timing is detected 
by the rise edge of the first reflect signal in the first timing 
detecting step (S18) , the second timing is also detected by the 
rise edge of the second reflect signal in the second timing 
detecting step (S26) , and in case the first timing is detected 
by the fall edge of the first reflect signal in the first timing 
detecting step (S18) , the second timing is also detected by the 
fall edge of the second reflect signal in the second timing 
detecting step(S26), so that the propagation delay time Tb of 
the second path 17 0 can be calculated regardless of the difference 
between the rise time and the fall time caused by the 
characteristics of the driver 120 and the comparator 130. 
[0042] Furthermore, according to the propagation delay 

time measuring method in this embodiment, the propagation delay 
time Tb of the second path 170 can be calculated regardless of 
the phase difference between the test signals output of the driver 
120 and a signal output of the comparator 130 based on the received 
signal. Furthermore, according to the propagation delay time 
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measuring method in this embodiment, a tester channel is used 
when measuring, so that the propagation delay time Tb of the 
second path 170 can be calculated regardless of the phase 
difference among channels. 

[0043] As is apparent from the above, according to the 

propagation delay time measuring method, the propagation delay 
time of the path that connects the semiconductor testing 
apparatus and the device under test electrically can be measured 
accurately . 

[0044] Although the present invention has been described 

by way of exemplary embodiment , the scope of the present invention 
is not limited to the foregoing embodiment. Various 
modifications in the foregoing embodiment may be made when the 
present invention defined in the appended claims is enforced. 
It is obvious from the definition of the appended claims that 
embodiments with such modifications also belong to the scope 
of the present invention. 



